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Table 38
Results of the target accuracy study for the LFR reactor

Isotope Cross-
section

Energy range Uncertainty Isotope Cross-
section

Energy range Uncertainty Isotope Cross-
section

Energy range Uncertainty

Initial Required Initial Required Initial Required

U-238 rcapt 1.35 MeV–498 keV 5 2.9 Pu-240 rcapt 1.35 MeV–498 keV 20 8.4 Zr-90 rel 498–183 keV 20 9.8
498–183 keV 5 2.4 498–183 keV 20 5.8 183–67.4 keV 20 10.8
183–67.4 keV 5 2.4 183–67.4 keV 20 5.4 67.4–24.8 keV 20 10.3
67.4–24.8 keV 5 2.4 67.4–24.8 keV 20 5.7 rinel 6.07–2.23 MeV 20 8.6
24.8–9.12 keV 5 2.7 24.8–9.12 keV 10 6.8 Pb-206 rcapt 183–67.4 keV 20 9.8

rfiss 6.07–2.23 MeV 5 2.6 rfiss 6.07–2.23 MeV 5 4.1 rel 1.35 MeV–498 keV 20 6.3
2.23–1.35 MeV 5 2.6 2.23–1.35 MeV 5 3.7 498–183 keV 20 7

rinel 6.07–2.23 MeV 15 3.8 1.35 MeV–498 keV 5 2.1 rinel 19.6–6.07 MeV 40 15.9
2.23–1.35 MeV 10 3.1 498–183 keV 5 4.1 6.07–2.23 MeV 40 4.6
1.35 MeV–498 keV 10 2.9 m 1.35 MeV–498 keV 2 1.8 2.23–1.35 MeV 40 4.4
498–183 keV 10 4.2 Pu-241 rfiss 1.35 MeV–498 keV 10 4.9 1.35 MeV–498 keV 45 5.3
183–67.4 keV 10 4.8 498–183 keV 10 3.5 Pb-207 rel 1.35 MeV–498 keV 20 6.8

Pu-238 rfiss 1.35 MeV–498 keV 10 4.5 183–67.4 keV 10 3.5 498–183 keV 20 7.5
498–183 keV 10 4.5 67.4–24.8 keV 10 4.2 rinel 19.6–6.07 MeV 40 26.6
183–67.4 keV 10 6.2 24.8–9.12 keV 10 4.9 6.07–2.23 MeV 40 5.5
67.4–24.8 keV 30 7.4 9.12–2.03 keV 10 7.3 2.23–1.35 MeV 40 6.7
24.8–9.12 keV 30 8.7 Pu-242 rfiss 1.35 MeV–498 keV 10 5.3 1.35 MeV–498 keV 45 4
9.12–2.03 keV 30 12.8 Am-241 rcapt 498–183 keV 10 7.3 Pb-208 rel 6.07–2.23 MeV 20 8.4

Pu-239 rcapt 498–183 keV 15 5.7 183–67.4 keV 10 7.1 2.23–1.35 MeV 20 7.7
183–67.4 keV 15 5.4 rfiss 1.35 MeV–498 keV 10 7.1 1.35 MeV–498 keV 20 3.7
67.4–24.8 keV 10 6 Am-242m rfiss 498–183 keV 20 10.9 498–183 keV 20 4.7
24.8–9.12 keV 10 6.1 Cm-244 rfiss 1.35 MeV–498 keV 40 8.6 rinel 19.6–6.07 MeV 40 9.4

rfiss 6.07–2.23 MeV 5 3.3 Cm-245 rfiss 1.35 MeV–498 keV 40 13.8 6.07–2.23 MeV 40 4.9
2.23–1.35 MeV 5 2.9 498–183 keV 40 9.6 rn,2n 19.6–6.07 MeV 100 53.1
1.35 MeV–498 keV 5 1.4 183–67.4 keV 40 10 B-10 rcapt 1.35 MeV–498 keV 15 6.1
498–183 keV 5 1.1 67.4–24.8 keV 40 11.5 498–183 keV 15 3.3
183–67.4 keV 5 1.2 24.8–9.12 keV 40 14.1 183–67.4 keV 10 3
67.4–24.8 keV 5 1.5 Fe-56 rel 183–67.4 keV 10 7.1 67.4–24.8 keV 10 3.7
24.8–9.12 keV 5 1.9 rinel 6.07–2.23 MeV 15 8.5 24.8–9.12 keV 8 4.3
9.12–2.03 keV 5 3 2.23–1.35 MeV 10 5.6 9.12–2.03 keV 8 6.7

m 498–183 keV 1 0.9 1.35 MeV–498 keV 20 4.8
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C (E ) = w (E )

 ε(E ) · Φ (E )

Nisotopes∑
i=1

Ni σi (E ) + Cbkg (E )


Detected

fission
fragments

Live time
fraction

Detection
efficiency

Neutron
fluence

Sum over
isotopes
in target

Number of
target nuclei

Fission
cross

section

Background
events

Tovesson, Hill,et al, LA-UR-06-7318
7 / 30



σP39

σU35
=

ε2

ε1
· NU35

NP39

Φ2

Φ1
·

w−1
1 ·C1 −C bkg

1

w−1
2 · C2 − C bkg

2

Cross
section

ratio

Relative
dection

efficiency

Atom
density

distribution

Neutron
beam

distribution

Detector
line time

Number of
detected

FF

Background

8 / 30



x 

y 

z 

Plane 1 

Plane 0 

Source foil 

Volume 0 Volume 1

x [cm]
-6 -4 -2 0 2 4 6

y 
[c

m
]

-6

-4

-2

0

2

4

6

AD
C

 p
er

 p
ad

1

10

2
10

3
10

Volume 0

x [cm]
-6 -4 -2 0 2 4 6

y 
[c

m
]

-6

-4

-2

0

2

4

6

AD
C

 p
er

 p
ad

1

10

2
10

3
10

Volume 1Volume 0 Volume 1

x [cm]
-6 -4 -2 0 2 4 6

y 
[c

m
]

-6

-4

-2

0

2

4

6

AD
C

 p
er

 p
ad

1

10

2
10

3
10

Volume 0

x [cm]
-6 -4 -2 0 2 4 6

y 
[c

m
]

-6

-4

-2

0

2

4

6

AD
C

 p
er

 p
ad

1

10

2
10

3
10

Volume 1

Plane 0 Plane 1 



σP39

σU35

=
ε2

ε1

·
NU35

NP39

Φ2

Φ1

·
w−1

1 ·C1 −C
bkg
1

w−1
2 · C2 − C

bkg
2

10 / 30





σP39

σU35

=
ε2

ε1

·
NU35

NP39

Φ2

Φ1

·
w−1

1 ·C1 −C
bkg
1

w−1
2 · C2 − C

bkg
2

12 / 30



σP39

σU35

=
ε2

ε1

·
NU35

NP39

Φ2

Φ1

·
w−1

1 ·C1 −C
bkg
1

w−1
2 · C2 − C

bkg
2

13 / 30



σP39

σU35

=
ε2

ε1

·
NU35

NP39

Φ2

Φ1

·
w−1

1 ·C1 −C
bkg
1

w−1
2 · C2 − C

bkg
2

14 / 30





σP39

σU35

=
ε2

ε1

·
NU35

NP39

Φ2

Φ1

·
w−1

1 ·C1 −C
bkg
1

w−1
2 · C2 − C

bkg
2

16 / 30



σP39

σU35

=
ε2

ε1

·
NU35

NP39

Φ2

Φ1

·
w−1

1 ·C1 −C
bkg
1

w−1
2 · C2 − C

bkg
2

H(n,p)

U235(n,f)

17 / 30





The TPC

The fissionTPC





The TPC









IEEE TRANSACTION ON NUCLEAR SCIENCE, VOL. 60, NO. 3, JUNE2013

SFP Ethernet Module

Power, Digitial Pad Connection

32 Charge Preamps

TI ADC

XILINX FPGA









A time projection chamber for high accuracy and precision fission
cross-section measurements

M. Heffner a,n, D.M. Asner b, R.G. Baker c, J. Baker d,1, S. Barrett e, C. Brune f, J. Bundgaard g,
E. Burgett h,i, D. Carter a, M. Cunningham a, J. Deaven h, D.L. Duke g,k,c, U. Greife g, S. Grimes f,
U. Hager g, N. Hertel i, T. Hill d,k, D. Isenhower j, K. Jewell d, J. King e, J.L. Klay c, V. Kleinrath h,
N. Kornilov f, R. Kudo c, A.B. Laptev k, M. Leonard e, W. Loveland e, T.N. Massey f,
C. McGrath h, R. Meharchand k, L. Montoya k, N. Pickle j, H. Qu j, V. Riot a, J. Ruz a,
S. Sangiorgio a, B. Seilhan a, S. Sharma j, L. Snyder a,g, S. Stave b, G. Tatishvili b, R.T. Thornton j,
F. Tovesson k, D. Towell j, R.S. Towell j, S. Watson j, B. Wendt h, L. Wood b, L. Yao e

a Lawrence Livermore National Laboratory, Livermore, CA 94550, United States
b Pacific Northwest National Laboratory, Richland, WA 99354, United States
c California Polytechnic State University, San Luis Obispo, CA 93407, United States
d Idaho National Laboratory, Idaho Falls, ID 83415, United States
e Oregon State University, Corvallis, OR 97331, United States
f Ohio University, Athens, OH 45701, United States
g Colorado School of Mines, Golden, CO 80401, United States
h Idaho State University, Pocatello, ID 83209, United States
i Georgia Institute of Technology, Atlanta, GA 30332, United States
j Abilene Christian University, Abilene, TX 79699, United States
k Los Alamos National Laboratory, Los Alamos, NM 87545, United States

NIFFTE Collaboration

a r t i c l e i n f o

Article history:
Received 11 March 2014
Received in revised form
14 May 2014
Accepted 14 May 2014
Available online 22 May 2014

Keywords:
TPC
Detectors
Fission
Time Projection Chamber

a b s t r a c t

The fission Time Projection Chamber (fissionTPC) is a compact (15 cm diameter) two-chamber
MICROMEGAS TPC designed to make precision cross-section measurements of neutron-induced fission.
The actinide targets are placed on the central cathode and irradiated with a neutron beam that passes
axially through the TPC inducing fission in the target. The 4π acceptance for fission fragments and
complete charged particle track reconstruction are powerful features of the fissionTPC which will be
used to measure fission cross-sections and examine the associated systematic errors. This paper provides
a detailed description of the design requirements, the design solutions, and the initial performance of
the fissionTPC.

& 2014 Elsevier B.V. All rights reserved.

1. Introduction

Neutron-induced fission cross-sections of the major actinides
(235U, 238U, 239Pu) have been studied for many years [1–6].
Evaluations of the cross-sections are based on a large number of
datasets and are thought to be very precise, better than 1% in some
cases, but the individual underlying datasets have uncertainties of

3–5% in the fast neutron region (incident neutron energies from
100 keV to 14 MeV) and perhaps more significantly the individual
experiments do not agree to within quoted experimental uncer-
tainties [7]. The impact of cross-section uncertainty has been
studied extensively in the context of applications such as reactors,
weapons and nucleosynthesis calculations [8] and it was con-
cluded that uncertainties of 1% or better are needed. In order to
have confidence in the small uncertainties of the cross-section
evaluations and to understand the reasons for the spread in the
current datasets, it is essential to perform a measurement with
comparable uncertainty to the evaluation and that is as uncorre-
lated as possible to the previous measurements. At the same time,
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Conclusions

Achieving better than 1% total uncertainty for 239Pu(n, f ) is
difficult and requires analysis of many issues

The fissionTPC project has shown the potential to illuminate
a number of factors simultaneously

Construction is largely completed; data taking and analysis are
now the focus.
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